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l'innl Report on "A Contimuous Thormomotric Apparatus for
Carbon Monoxide Detection®

Servico Directives NA-106, AC=59

Endorsement (1) From Dr. Yarron C. Johnson, in chargo of sootion
to Dr, ', R. Kirner, Chiof, Division 9,

Forwarding roport and notings

"An annaratus has boen doveloped for the detormination
of carbon monoxide and air mixtures ranging in con-
contration from 0,01 per cent to 0,1 por cent and higher,
if necossary. Tho principle of the apparatus is dopendent
upon tho hect devoleoped whon carbon monoxide reacts with
oxygon on a hopealitc surface, The hoat liberated is
proportionato to the concontration of carbon monoxide
and is determined by a spocially designod morcury
thernomotor which contains a numbor of platinum wire
contracts along the meroury thread, Soveral differont
typos of indicating devicos which may also bo used as
warning davices ars comnected’ to the platinum contacts
so that it is possiblec to determine at any given time
the anwroximate concentration of carbon monoxide,.

Theso contacts arc placad at such points as to indicate
a chango in the carbon monoxide concontration of about
0.01 ner cent, Tho lowor limit of sonsitivity of tho
apparatus is about 0,01 por cont, The apparatus is
simple in construction, unusually easy to oporato,
entiroly automctic in operation, and, in addition,
roquiros 1it'lo servioing. Although it is limited in
its sonsitivity, the apnaratus might well be used in a
munmber of placos vhors apnrociablc amounts of carbon
monoxide might be found, The arparatus fulfills tho
original roquirecmonts sct up for a carbon monoxide
instrumont as far as concentration limits are concernod,®

(2) from Dr. Y. R, Kirner, Chiof Division 9 to Dr,
Irvin Stowart, Excoutive Secretary of the Notional Dofanse Rescarch
Committeo,

Forwarding roport and concurring, GONF‘DEN T,AL

This is a final roport under Contract 9=344, OEMsr<139 with tho
Univorsity of Virginia,




A Contimious Thermometric Apparatus
for Jarbon Monoxide Detectiioa
John H. Yoe and Charles H. Lindaley 'z‘/
University of Virginia %

ABSTRACT

A simple apperatus is described which will indicate, by a
variety of mcans, the presence of carbon monoxide in concentra-
tions greater ‘than certain specified values. This is accomplished
by means of & mercury-in-glass thermometer with several platinum
contacts sezled into the capillary. The thermometer is placed in
a small cell containing Hopcalite, and a stream of air(l.5 li-
ters per minute) passes: through the catoalyst and around the ther-
mometer bulb. The cell in turn 1s enclosed in an electrically
heated thermostat controlled by a Fenwnl thermoswitch with a
constancy of about * 0.1°C. A green signal light and battery are
connected to the lowest and second contacts of the thermometer,
and the tomperaturc of the thermostat is set so that at thermal
equilibrium the second contact 18 just closed by the mercury threads
the green light therefore is always on when the apparatus is
ready for use. The higher contacts are spaced to correspond to
certain temperature increments above this base temperature, and
these increments are those resulting from the heat of oxidation
on the Hopcalite of selected concentrations of carbon monoxide.
Thus in one thermometér nsed the bese temperature was 50.0°, the
third contact was &t 50.5%gidthe fourth at 52.5°. A rise in
temperature of 0.5° is uced when the air pessing over the
catalyst contains 0.01% COj 2.5° corresponds to 0.05%. Various
warning devices may be connected to these higher contacts and
will be activated vhen carbon monoxide is present in these con-
contrations (or higher). Three types of such devices have been
assembled and are described: one involves a series of colored
lights, anothor uses a microammeter, while the third consists
of two high-sensitivity relays which may be used to perform a
variety of operations. It i1s clear that the base temperature
of the thermostat and the temperature increments to be measured
can be salected within wide limits simply by specifying thec posi-
tion of the several contacts .hen the theruometers are made.
Hence the apparatus can be used under many differcnt conditions
to determine a wide range of concentrations, although the con-
contrations at which any particulay thermomcter may be used are
limited. 8ince it would be impractical to attempt to put the
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contacts closer to each other than about o.5°, the concentration
of carbon monoxide could only be determined in steps of about 0.01%.

The thermostal itself is about five inches square and eight
inches high, and weighs less than five pounds. The welght and
dimensions can be further reduced. The hcating element consumes
about 30 watts; for an ambient temperature of 18°C., it is on less
than half the timo. Wide variations in the impressed voltoge
(20 to 30 volts) have little effect on the temporaturs maintained
within the thermostat. Before reaching thc catalyst cell the ailr
strcan passes through a 20-foot coil of copper tubing in order to
bring it to t.ge basc temperature. Even with oxternal temperaturos
a8 low as -40" &nd rates of flow of three liters per minute, this

preheating is adequate.

In spite of some limitations, which are discussed in the re-
port, the apparatus does possess tho following important advantages:
it is simple, ecasy to operate, fully automatics it requires little
" servicing; and it is readily adoptable to a wide wariecty of warn-
ing and protective duvices.
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A Continuous Thermometric Apparatus
for Carbon Monoxide Detection

INTRODUCTION

Our rcportl of May 15, 1942 described a simple apparatus for measuring :
the concentration of carbon monoxide in air. The air was drewvn through a small
quantity of Hopcalite, on which the carbon monoxide was oxidized, and the rise
in temperature resulting from the heat of oxidation wus measured by a ther-
mometer. A colibration curve and chart permlitted the observer to estimate
the concentration of carbon monoxide within three to four minutes, for a
rate of air flow of 1.5 liters per minute. The apparutus was simple, inex-
pensive, and easy to opernte. Concentrations of carbon monoxide between
0.01Z and 0.2% (or even higher) could be determined with an accuracy of about
0.005%. (Many details regarding the history, nature, cnd behavior of Hop-
calite, together with refercnces to the literaturc, are given in the report
of Moy 15, 1942 and will not be repeated hore.)

. Although this apparatus has severul advantages, especially for labore-
tory usc, it also possessos serious disadvantages, particularly for field
worke Thus it was ossentiol that the embient temporature remein very noarly
cénato.nt during the test anfi al.so during the preceding five or ten minutes
vhen the apparatus was being broughj_; to the ambient temperature, if not al-

ready at it. This requircment made the apparatus relatively uscless for flight

test work in airplanes, where the tempercture changes rapidly. Also for many
important applications it was not practical for an observer to read the thor-
mometer. Finally the epparatus could not be used as a continuous indicator
unless its temperature and that of the air reaching the catolyst remained con-
stant to vithin 0.2°C. for the duration of tho test.

It will be seen that these objections would be overcome if means were
provided for maintaining the temperaturc of the apparatus and of the incoming

1, PFormal Progross Roport, OSRD Mo, 748.




air at a constant valus, and if some way were provided to "read" the ther-
mometer automatically. The appuratus here descridbed attempts to do these

two things. The oatalyst is cnclosod in & carefully controllod thermostat,

and tho entering air passes through a copper coil also enclosed therein. The
reading of the thermometer is circumvented by sealing platinum contacts into '
the capillary at points corresponding to desired tomporetures; when the mer-
cury thread reaches one of these, the fact can be signalod by a variety of

electrical means. These alterations will now be described in detail.

The arrangemont of thermostat, catalyst cell, and thermometer is
shomn schematically in Figure 1. The over-all dimensions are 4 3/4 x 5 1/2
x 8 inches, including insulation,and the weight is under 5 pounds (these covld
be reduced without affecting adversely the operation). The thermostat itself
is mde of 22 gauge copper, tinned on the inside. Around it are wound, to
within half an inch of the top and bottom, two lengths of enameled resistance
wire, the walls and the wire being separated by a thin coating of insulating
resin. These wires form two heaters, and by means of.u sultable switch three
heating circuits are therefore poisihle: the two units in series, the two
in parallel, or cither one alone. The resistance of ezch heating clement is
9.6 ohms, With a 24-volt source, either unit alone or the two in series may
be used. The wire-wound box is insulated thermally by 1/2 inch felt. (Two
of these thermostats were made for us by the Leeds and Northrup Company of .
Philadelphisa).

The temperaturs is controlled by means of a Fenwal thermoswitch
which is fitted tightly against the center of one wall. A strip of sheet
copper is bent around the thermoswitch and soldered to the wall on each aside;
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this ensures good thermel oontact. The switch therefore maintains the tempera-
ture of the wmlls at o nearly constant value. When the two heating elements
are operating in sdries on 24 volts, the heater is on for about a minute and

a half (thermostat temperaturs 51°c. , ambient temperature 2500).

Figure 2 shows the arrangement of the front panel of the plywood cabinet
in which the thermostat is enclosed. Across the top are three toggle switches
for the heating circuitss the first is OFF - ON; the second, marked HIGH -
LOW, permits use of one unit or of the two in seriesj the third, INTERMITTENT -
OONTINUOUS, énables the operator to short out the thermoswitch vhen desired.

A pilot light indicates when the heater is on. Below the pilot light is a
socket in vhich the four leads from the thermometer terminate.

The closeness of temperature control was determined by means of a
thomcqxple,. one junction of which was embedded in the catalyst. Over a
pesriod of several hours the temperature fluctuates over a range of O.é - O..So
(.00 ¥ 0.1 - 0.15°). When the hester is turned off at the end of & day snd
on again the next morning, the thermostat returns to the same equilibrium tem-
perature. This demonstrates that the setting of the thermoswitch is not
chunéed by undercooling. However, the setting is altered if the temperature
rises several degrees. above the temperature for which the switch is set. Thus
in one test the equilibrium temperaturo wos 50.8° jbyiher ting out the thermo-
switch for %0 ninutes (heater on HIGH at 20 volts) the temperature was reised
%o o maximum of 82 . The heater was then turned off, and the thermostat
cooled to 400. Upon reheating in the normnl way, & new equilibriunm tem- ;

)
perature of 51.7 was observed. While the degrue of overhecating uay seem small

to have caused so large a change in the setting of the thermoswitch, it should
be noted that because of its position the Fenwal switch tokes much more nearly
the temperature of the walls than that of the air in the thermostat or of the
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catalyst (the temperature of which after overheating was found to be 62 );

the maximum temperature of the switch, therefore, was undoubtedly considerably
0

higher than 62 . In this connection it may be observed that aftcr the heater

is first turned on, the thermoswitch cuts off, indicating that it hes reached

the temperature for which it is set (510), when the temperature recorded in-
side the theruostat has only reached 38 . )
A small overshoot can be tolerated without changing the setting of the
thermoswitch. Use is made of this foet, in laboratory practice, to reduce
the heating-up period. If the heater is simply turned on LOW, about an hour
and a half ore required to bring the theruostat to equilibrium ( 24‘.’.1'.0 51°).
But tho following sequence may be followed: switch heater on HIGH; as soon
as the pilot light indicatos that the heater is off (about ten minutes), short
out the thersoswitch, and overheat on HIGH for three two-minute periods, in-
terrupted for one minute between each; then cut in the thermoswitch and set
the heater on LOW. In this way the heating-up poriod can be reduced to about

half an hour. Because the overheating periods are short, the setting of the
thermoswitch is not changed.

Changes in the impressed voltage do not greatly affect the temperature
in the thermostat. Thus when the voltuge was 21 v., the equilibrium tempera~
ture was 50.7°. When the voltage was chonged to 30 v., the equilibrium tem-
perature was raised to 51.0°. Finally, vhen the voltage was lowered to 20 v.,
the temperature dropped dom to 50.7°.

When the heater is operated on HIGH, the equilibrium temperature is about
the same as when operated on LOW, but in the former case thoe fluctuations dre
greater. For example, in one test on HIGH the temperature varied between .
50.1° and 50.6", but on LOW the variation was btween 50.4° and 50.6°. These
observations were made when the room temperature was about 250, and the LOW

] s e L sttt L Sk ottt ot

heat was entirely adequate. However, if the external temperature should be - ,r
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very low,the reverse situation would probably prevail,and a more nearly con-

stant tomperature would be maintained on HIGH than on LOW. In such a cnse, it
would probably be advisable to comnect the two heaters in parallel for HIGH,

and use a single heater for LOW.

Tests in this laboratory have been carried out with room temperatures
ranging from 18° to 54° , and no effect of external temperature on the equi-~
librium temperature has been observed. The Leeds and Northrup Compeny has
tested cimiler thermostats at -40°c., and reports that the same temperature is
mainteined within the thermostat ond, further, that the cold incoming air is
warmed to this temperature by passage through the copper coil at rates of
flow up to at least three liters per minute.

THE CATALYST HOLDER AND THE CATALYST

The catalyst cell is mounted in tho following way (see Figure 1): To

the bottom of the thermostot is fastened a cylindrical aluminum base. To this
base 1s connected onc end of the copper ccil. The upper portion of the base
is reduced in section as sho'm to accormodato a thin steel cylinder (turned

from & piece of ordinery 3/4 in. pipe). The two ends of this cylinder are
left about 1/8 in. thick to give good closure against geskets set in grooves
in the head end base pleces. The rest of the cylinder is turned down to
something less than 1/16 in. thick -~ as thin as possible without entail-

ing possible collapse when the unit is tightened together. The catalyst
holder is a thin copper tube about 5/8 in. in dismeter with a bottom of 60-mesh
brass screen. This tube is held in the steel cylinder by means of a tightly
fitting cork ring. The head is similar to the base; an opening is provided

in which the leads from the thermometer are sealed, and there is also & con-

nection for the outlet tube. In this outlet may be located an orifice for

Ml it S R AN 5 -




governing the rate of gas flow for a specified vacuum head to be applied.
The head, cylinder, and bage are held together in a gas-tight assembly by means
of three 1/8 in. stecl tie-rods. It mould be a definite improvement ii some

bayonet-type of connoction were substituted for the tie-rods.

The spocific materiels used for these various parts are not importont; .
low heat capacity, good conductivity, und low weight are the chicf specifi-
cations. At one time the whole unit, except for the tube holding the catalyst,
was nnde of Catalin plastic, with a view to insulating thermally the catalyst
and thermometer from tho theruostat. Such insulation, however, very greatly
increased the time roquired to bring the apparatus to thermal equilibrium,
and when meotal was substituted for the plcstic, no cppraciable decrease in
the temperature rise due to oxidation of carbon monoxide was observed. Evi-
dontly the air space separating tho catalyst tube and the swrrounding cyl-
inder provides adequate :I.nsulation.'

/
;
g
{
;

The catalyst charge is onec gram of M. S. A. Hopcalite, instrument grade,
18-20 mesh. Thc life of each charge is greater in this apparstus than in

the one previously described (our report dated Moy 15, 1942) because of the
elevated temperature. Drying of the incoming air is effected by mecns of a
tube containing calcium caloride ﬁth a layer of indicator Drierite at the
end. If the drier is replaced as soon as the indicztor begins to change

color, 2 single charge of Hopcalits has been found to remain active for at
least a week on continuous operation with air or air containing carbon monox-
cmmee | ddg

As was shown in the previocus report, because of the high activity of

Hopcalite, the temperature attained by the thermomster due to oxidation of
carbon monoxide is not significantly different for any rates of gas flow be-

tween one and two liters a nminute. Below e liter e minute, low rises are
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encountered because the rate of heat dissipation is large compared to the rate
of heat generation. A rate of flow much above two liters pér minute is apt to
blow the catalyst out of the cell, and also the increased cnouni of heat
liberated is offset by the increased amount of adr to be heated. The rate

of 1.5 liters per minute has therefore been chosen as the one most practical,

but considerable variations from this rate can be tulerated vwithout appreci-

able effect on the temperafure change.

£ . THE THERMOMETER

mters were made to our specificetions by the Accuracy
‘:Scient:l.ﬁ.c Instrument Conpany of Philedelphia; the design is shovm in
Figure 1. Since with this sort of thermometer it is apparent that only a
few predetermined temperatures can be "read", a certain amount of arbi-
trariness entered into the selection of these points. The first temf:erc.tnre
to be chosen is the base temperature at which the theruwostat is to be main-
tained. This was chosen as 50°-c., since it wns high enough to be above any

but the very highest ambient temperatures that were anticlpated, end yet low
enough for the energy consumption to be small. It is cleor that if prevail-

ing temperztures near or above SQ(_’C. are to be encountered, the thermostat
temperature must be correspondingly reised. The second contact of the thc;r-
mometer is therefore so placed that the mercury thrend reaches it just whon
the temperature of the thermostat is 50°C., and the thermoswitch is also set
for this temperature. (The lowest contact can be inserted at any convenient
point between the bulb and the second contact.)
The positions of the third and fowrth axtacts obviously depend upon

the temperaturc intervale above the base temperaturc that it is desired to
measure, and the?e in turn depend upon the concentrations of carbon monoxide
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it is desired to detect. For demonstration purposes, two concentrations were
‘rather arbitrarily selected in setting specifications for the wanufacturers of
the thermometors: the third point at 50.5° (corresponding approximately to
0.01% CO) and the fourth at 52.5 - 55,0 (coi-respondmg to 0.05 - 0.06% CO).

It is clear that for other concentrations other temperatures could equally -

well be selected; it probably would not be practical or significant, however,
o

to attempt to place the contacts closer than about 0.5 , and the number of

contacts that could practically be sealed in any one thermometer is also
definitely limited.
Barly in tho investigation the cttempt wos made to mske the complete

apparatus dependent upon a single source of eloctr:lcity. To tl}:ls end various
cirocuits weres tried in which the 12 or 24 volt source used in the heating
oircuit alsc operated, through proper resistances, the several warning devices
connected to the contact thermometer. Even on 12 v. it was soon found that
some of these arrangements caused sufficient arcing in the copillary to foul
the contacts and wercury and honc.e to render them useless, and in tle rest

of the arrangenents tried there were grounds for suspicien:that sinilar foul-
ing might also take place, though more slowly. Furthermore, with the storage
batteries used, there-was snough difference in the effective voltage when the
heater was on and vhen it was off to affect very scmsibly the operation of the
signaling devices. To such effects would be added those due to changes in
line voltage to be expected in many service applications. For these reasons
the attempt to use 2 single source was abandoned, and all the devices described |
below operate on  single-cell flashlight batteries. Under these conditions no.

trouble due to fouling in the thermometer has been experienced.

i e
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SIGNALING DEVICES

The multiple-contact thermoneter cen, of coursc, be connected with a

wide variety of instruments to indicate wvhen the vorious contacts are closed,
i.e., when the specified concentrations of carbon monoxide arc passing through
the apparatus. Three types have been constructed nnd their esscntizl prrts
are represented schamatically in Flgures J, 4, und 5. A four-lead socket is
pounted in each unit with connections as shiuwm. Any unit could thcreforc

be connected to the thermcmeter through ihc corresponding socket in the thexr-
postat pancl (Figure 2) by moins of a four-wire calle with a four-prong plug
at each end. -

The first unit Mgure 5) consists siuply of three colored lights,
each operating on a flashlight battery. The groen light comces on when the
.lecond contact is closed, indicating that the catelyst is up to tenperature
and that the apparatus is thereforc ready for usej it remains on continucusly.
For this recason a better source than a snell battery should be used. For this
light onc of the better arrangonents using the 12 or 24 v. source could ba
used, since the contact i3 closed and opened vnly whon the thermostat is
first heatod .up or finally allowed to cool down. As is evident from tho dia-
grom ond the previous discussion, the crange light comes un when the alr
passing through the apparatus contains at least 0.01% carbon monoxide, while
the minimum concentration required to turn on the red light is 0.05%.

Figure 4 shows a very satisfactory arrangement. A microazmeter nnd
battery are connected through a series of high resistances. The total arc
which the needle tranverses is divided into four sections, with distinctive
colors, and the resistances are so chosen that as the contacts in the ther-
nomster are closed, tho needle stands successively over the center of each
section. It is clear that the total current consumption is very low and
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that the life of the battery consequently is long. Also the resistances
and microammeter can be mounted in a étnndard opening of any instrumont panel.

The third device (Figwre 5) can itself be adopted to a wide variety of
applications. The signal for the second contaci is a green light just as in
tho first device, ond the modification suggested there applies equclly here.’
The two higher contacts are connocted to two high-sensitivity rclays. (iHodel
28XAX033, supplicd by Struthers Dunn Inc., Philodelphla, Pa.) These relcys
require only 0.008 watt to activate the coils, and the contacts are rated
to carry 2 amps. at 115 v, a. c. or 1/4 amp. at 115 v. d. c. About 100 ohms
resistance is connected in serios with the buttery and coll, inercasing the
life of the former. Of course, rclays noy be uscd to operatc nany sig-
naling dovices such as bells and lights or to operate various protective de-
vices such as opening ventilators or turning on fans.

All of those devicos have been opercted successiully. When air con-
taining 0.01% CO passes through the apparatus, the second signal (orange
1ight, etc.) i given within eight to twelve nminutes. The third signal is
given within about the same period with air contuining 0.054 CO. The varia-
tion in time required is probably due to the fluctuations in the temperature
of the thermostat already mentioned; these fluctuations narrow or widen the
temperature interval that must be closed.

CRITICISM

The apparatus herein described possesses several disadvantages
which, it is felt, could be correctud in part at lecst, should construction
of further uodels be desired. The chief znong these is that the mothod of
indicating the temperature is too inflexible. Thus, for examplo, if enough
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oarbon monoxide were present to r~ise the tempernture 0.49° instead of

0.50°-, the interval between the second and third contacts, no signal would
be given and the response would be no different from that if pure air were
present. Similorly, if the orange signel were on, tut not the red, the ob-
server would only know that carbon monoxide was preseat in concentration
greater than 0.01% ut less then 0.05%. The discdventege could be overcome
in part by putting contacts closer together, especially if the proboble renge

of concentration is not large. A Bimilar difficulty arises with regard to
the setting of the regulator for the thermostat temperature: when the green

light is on, the operator knows that the iemperature is at least 50.0o s but
there is no direct way of .aking sure that the temperuture is notl several
tenths of a degree higher. The difficulty could be overcome partiully by
placing a thermometer within the thernostat so that the equililriun tem~-
perature could be checked from time to timc.

CONCLUSIONS
In spite of these disadvantages, however, the apparatus does possess
the following important advantages: it is simple, easy to operate, fully
automatic; it requires little servicings cnd it is readily adaptable to a
wide variety of warning and protéctive devicos.
Tho experimontal work wes porformod by Dr. Cherles H, Lindsley,

Juno 28, 1943 Submittod by Dr. J. §. Yoo
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" ABSTRACT:

A description is given of an apparatus developed for the determination of carbon monoxide
and air mixtures ranging in concentration from 0.01% to 0.1% and higher, if necessary. The
principle of the apparatus is dependent upon the heat developed when carbon monoxide reacts
with oxygen on a hopcalite surface. The apparatus is simple in construction, unusually easy
to operate, entirely automatic in operation, and requires little servicing. Although it is

" limited in its sensitivity, the apparatus might well be used in a number of places where
appreciable amounts of carbon monoxide might be found.
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